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SUMMARY 
/'7 sfl 

An investigation of the effect of variation in screen composition and 
arrangement on the performance of 90- and 98-percent-concentration hydrogen 
peroxide catalyst beds has been made. 
modifications were found to be suitable for use with 98-percent-concentration 
hydrogen peroxide. Up to 25 silver screens were used without excessive melting 
of silver provided they were located at the upstream end of the bed. 
40-mesh silver screens afforded better starting response characteristics than 
20-mesh screens. The use of 2-percent-concentration samarium nitrate, in lieu of 
10 percent, was found to be adequate for treatment of silver screens under cer- 
tain conditions. Bed life was sufficient for reaction-control-rocket missions. 
The tests covered environmental temperatures from 3 5 O  F to 820 F and a chamber 
pressure range from 100 to 315 pounds per square inch absolute. 

Conventional catalyst beds with certain 

The use of 

INTRODUCTION 

Hydrogen peroxide rockets have been widely used as upper atmosphere reaction 
controls for both aircraft (refs. 1 and 2) and aerospacecraft (refs. 3, 4, and 5). 
This monopropellant has been utilized because of the simplicity of operation, good 
response time, reliability, and a well-developed state of the art. (See ref. 6.) 
These existing systems all operate with a 90 percent by weight concentration of 
hydrogen peroxide which has been available fo r  a number of years. 
Recently, higher concentrations of hydrogen peroxide (up to 98 percent) have 
become available in commercial quantities (ref. 8) and the advantage of the higher 
specific impulses makes these concentrations attractive for reaction-control sys- 
tems. However, for high strength H202 to be competitive 
with other high-impulse reaction controls, such as the bipropellant systems, 
fast response times and reliable operating characteristics are required. (See 
ref. 10. ) One of the problems inherent with 90-percent-concentration H202 has 
been poor starting characteristics under low environmental temperature conditions. 
It was therefore expected that the same difficulty would be encountered with 
higher strength H202. 
decomposition temperature of high strength H202 is of the same order of magni 

(See ref. 7. ) 

(See refs. 3 and 9. ) 

The problem is further complicated by the fact that the 



as the melting point of silver, which at the present state of the art is the only 
catalyst suitable for this type of investigation. 

Some preliminary work to define catalysts acceptable for high-strength hydro- 
(See refs. 6, 11, 12, and 13. ) The objective gen peroxide has been accomplished. 

of the present investigation was to study some simple catalyst bed arrangements 
that would be suitable for use with a 98-percent concentration of hydrogen perox- 
ide in existing %02 hardware systems. Only commercially available wire screens 
were used to form the catalysts of the present investigation in order to avoid the 
complex fabrication and quality control required for plated wire and mixtures of 
materials such as reported in references 12 and 14. Start and decay times at var- 
ious temperatures, catalyst deterioration, and catalyst bed efficiencies for four 
98-percent H202 configurations were compared with some conventional 90-percent 
H202 catalyst arrangements and a preheat catalyst configuration. 

Two decomposition chambers, 1 inch in diameter, were used as gas generators 
Response times for a similar H202 reaction-control rocket in the investigation. 

utilizing a catalyst preheat chamber fo r  90-percent H202 are included. Data were 
obtained at chamber pressures from about 100 to 315 pounds per square inch and at 
environmental temperatures from 3'3O F to 820 F. 
to 42 pounds were measured. 
the jets exhausting to sea-level atmospheric pressure. 

Corresponding thrust values up 
All tests were conducted on static thrust stands with 
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area of nozzle throat, sq in. 

diameter, in. 

jet thrust, lb 

ideal thrust for complete isentEopic expansion, 

rated thrust for motor as represented by height of chamber pressure 
trace, lb 

total impulse for motor as represented by area under the chamber pres- 
sure trace, lb-see 

Nth cycle during cycling operation in which starting delay times have 
stabilized 
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ambient pressure, psia 

decomposition chamber pressure, psia 

feed pressure, psig 

void space pressure, psia 

pressure drop across catalyst bed and distribution and support plates, 
psi 

temperature, OF 

liquid hydrogen peroxide temperature, O F  

motor temperature, OF 

accumulated run time, min 

starting delay time for chamber pressure buildup, sec 

propellant flow rate, lb/sec 

ratio of specific heats of hydrogen peroxide decomposition products 

MODEL AND APPARATUS 

Decomposition Chambers 

Decomposition chamber A . -  The 90-percent-concentration hydrogen peroxide 
catalyst configurations were tested in a decomposition chamber that had been used 
for a previous hydrogen peroxide catalyst investigation. (See ref. 15.) The case 
of the original engine was modified to accommodate a shorter length catalyst bed 
and the chamber volume downstream of the support plate was reduced. A sketch of 
decomposition chamber A is shown in figure l(a) and a photograph of the chamber 
and a typical. catalyst is presented in figure l(b). The nozzle had an expansion 
ratio of 1.77 which would produce about 20 pounds of thrust at a chamber pressure 
of 200 pounds per square inch when exhausting to sea-level atmospheric pressure. 
The catalyst bed loading at this condition was 15.3 lb/min/sq in. for 90-percent 
H202. 
were constructed from 347 series stainless steel because of its compatibility with 

The rocket case, the flanged head, and the support and distribution plates 

H2°2. 

Decomposition chamber B.- Decomposition chamber B, as shown in figure 2, was 
a rocket motor of the type currently used for reaction control of missile upper 
stages. (See ref. 5.) The design of this motor was different from the others 
mainly in that it incorporated a catalyst scroll to initiate the decomposition 
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process. 
(see fig. 2(a)) and passed out radially through holes in the side of the stem and 
through the scroll where decomposition began. The partially decomposed H202 then 
changed direction from radial to axial, and passed through the distribution plate 
and main catalyst bed where decomposition was completed. The products of decom- 
position were exhausted through a convergent-divergent nozzle at right angles to 
the motor center line. 
pressure of 200 pounds per square inch absolute. At this condition the bed 
loading was about 8.7 lb/min/in.2. 

Hydrogen peroxide entered the motor through a centrally located stem 

This motor produced about 24 pounds of thrust at a chamber 

The nozzle expansion ratio was about 10.0. 

Decomposition chamber C.- After the test program had been completed on cata- 
lyst beds 1 to 5, it became difficult to prevent leaks of liquid H202 from decom- 
position chamber A. A new decomposition chamber "C" was designed by substituting 
the flared-tube sealing method for the flanges used in chamber A. 
photograph of this unit, which incorporated a convergent nozzle, are shown in 
figure 3. Decomposition chamber C, which was used with beds 6 and 7, had some 
increase in void space volume and downstream chamber volume over that of decom- 
position chamber A. These increases in volume would tend to produce somewhat 
longer starting and decay times for decomposition chamber C. (See ref. 6.) With 
98-percent-concentration hydrogen peroxide, decomposition chamber C would produce 
a thrust of about 21 pounds at a chamber pressure of 200 pounds per square inch. 
The catalyst bed loading for this unit at these conditions was 13.2 lb/min/sq in. 

A sketch and 

Catalyst Beds 

Three catalyst beds were tested in decomposition chamber A with 90-percent 
hydrogen peroxide. 
reaction-control system is included to provide representative data on existing 
state-of-the-art hydrogen peroxide decomposition systems. Four catalyst config- 
urations designed for decomposition of 98-percent H202 were investigated to deter 
mine how their performance and life compared with typical 90-percent H202 systems 
The bed characteristics are presented in table I and the composition of a sample 
bed is given in figure 4. 

A fourth 90-percent H202 configuration designed for a 

Catalyst bed 1.- The first 90-percsnt X#3z c i k l y s t .  configuration was made 
to correspond to an arrangement that had been used by the NASA Langley Research 
Center for many years in turbo jet-exit simulator investigations. (See refs. 16 
and 17, for example.) This type of bed consists of a series of sets of one stain 
less steel to five silver screens over the length of the bed. This design assure 
complete decomposition of all the hydrogen peroxide and provides a high thrust 
efficiency. (See ref. 16.) The average life of these beds has been found to be 
about 2 hours. The silver screen catalyst was activated by oxidizing a 2-percent 
solution of samarium nitrate on the silver. The packing pressure was 1,000 pound 
per square inch. 
ure 4. The anti-channel baffles were used in this and the other catalyst beds to 
reduce leakage of H202 around the edges of the screens. 

Details of the composition of catalyst bed 1 are given in fig- 

Catalyst beds 2 and 3.- The compositions of catalyst beds 2 and 3 were 
based on arrmgements that had been previously utilized for reaction controls. 
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(See ref. 6.) 
table I) and the downstream section was filled with noncatalytic monel screens. 
The silver screens of bed 2 were treated with a 10-percent solution of samarium 
nitrate and bed 3 with a 2-percent solution. Beds 2 and 3 were similar in makeup 
except that bed 3 used flattened silver and regular silver screens alternated and 
therefore required some additional monel screens to make up the bed length. 
flattened screens were formed by pressing the treated disks between two flat 
plates and reducing the thickness from about 0.026 inch to about 0.014 inch. 
screens were flattened to permit more silver to be packed into a given space and 
also because it seemed probable that forcing the coating particles into the base 
metal would increase ion exchange during the catalytic decomposition process and 
thereby improve the response characteristics. Bed 3 was treated with 2-percent 
samarium nitrate to prevent unnecessary reduction in the size of the open spaces 
in the flattened screen. 
square inch. 

These units contained fewer silver screens than catalyst bed 1 (see 

The 

The 

Both beds were packed at a pressure of 2,200 pounds per 

Reaction-control-rocket bed.- Decomposition was initiated in the reaction- 
control-rocket bed by means of a scroll made of nickel screen plated with an 
alloy of gold and silver. The scroll was not treated with samarium nitrate. The 
remainder of the bed consisted of seventy-five 20-mesh silver screens followed by 
5 monel 10-mesh screens. The silver screens were treated with 2-percent samarium 
nitrate and packing pressure was about 500 pounds per square inch. 
motor represented a typical reaction-control rocket and is presented here as a 
basis for comparison. 

This bed and 

Catalyst beds for 98-percent-concentration H202. - The decomposition tempera- 
ture for 90-percent-concentration H202, as used in the previous tests, is on the 
order of 1,364O F, whereas, that for 98-percent H202 is about 1,7350 F (ref. 8). 
Since the melting point for silver is approximately 1,6500 F, at the pressures 
used in this investigation (refs. 18 and l9), the problem of the melting of 
silver must be considered in the design of catalyst beds for 98-percent H202. 
The substitution of other catalysts, with higher melting points, instead of 
silver was considered, but, at the present state of the art, there appears to be 
no simple catalyst comparable to silver for overall effectiveness. Therefore, 
it was necessary to utilize the temperature gradient that exists in the catalyst 
bed to keep the melting of silver within acceptable limits. 
being lowest at the upstream end of the bed, the beds for 98-percent %02 were 
designed with silver screens located only at the upstream end of the bed and with 
a sufficient number of silver screens to initiate the decomposition process. The 
remainder of the bed consisted of screens made of high-melting-point materials, 
whose catalytic action, although small, when increased by the high temperature, 
would complete the decomposition process. 

The temperature 

Catalyst bed 4.- In the initial configuration of bed 4, twenty 20-mesh 
silver screens were used, 55 nickel screens comprising the remainder of the bed. 
This bed failed to start; therefore the number of silver screens was increased 
to 35. 
satisfactorily during the test program; however, losses of silver by melting 

m e  resulting bed configuration started easily and performed fairly 
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were excessive. 
Packing pressure was 4,000 pounds per square inch. 

Exhaust temperatures indicated complete decomposition of %02. 

Catalyst bed 5.- Based on experience with bed 4, the number of silver screenE 
used in bed 5 was reduced to 25; however, 40-mesh screens were substjtuted for 
20-mesh screens. The finer mesh screen, although decreasing the thickness of the 
individual screens and, therefore, also the thickness of the silver portion of 
the bed, increased the surface area of the silver in contact with H202. This bed 
gave good cycling starts even at the low environmental temperatures. The loss of 
silver due to melting appeared to be small. 
plete decomposition of H202. 

Exhaust temperatures indicated com- 
Packing pressure was 4,000 pounds per square inch. 

Catalyst bed 6.- As indicated in table I, for bed 6 three 40-mesh silver 
screens were used at the upstream end followed by fifteen 20-mesh silver screens; 
60 nickel screens comprised the remainder of the bed. This bed required a long 
break-in period and was rather difficult to start at low environmental tempera- 
tures; however, it improved gradually with use. This result seemed to indicate 
the need for more silver screens, especially, since the bed apparently did not 
completely decompose the H202. 
during the test program and reached this temperature only during the final tests. 
The loss of silver was less than that of bed 5. Packing pressure was 5,100 pound: 
per square inch. 

Exhaust temperatures did not exceed 1,6500 F 

Catalyst bed 7.- As shown in table I, bed 7 contained fourteen 20-mesh silvei 
screens in the upstream part of the bed. The downstream part of the bed was com- 
posed of cobalt-coated nickel screens. Half of the total number of coated screens 
received an additional treatment with a proprietary substance. These screens wit1 
the additional coating were alternated with the cobalt-coated screens. Bed 7 
required no break-in period and gave excellent starts from the first cycle. 
Starting response deteriorated rapidly with operating time, however, and became 
poor as compared with the other beds. This bed appeared to decompose H202 com- 
pletely since it provided exhaust temperatures approaching the theoretical values 
The loss of silver was small. Packing pressure was 5,100 pounds per square inch. 

Test Apparatus 

A line diagram of the ambient-temperature test apparatus is presented in 
figure 5(a). A solenoid valve started and stopped the flow of hydrogen peroxide. 
For intermittent operation, to simulate the operation of attitude-control rockets 
the solenoid-valve power circuit was opened and closed at regular intervals by a 
motor-driven cam. 

length of tubing was used between the solenoid valve and the motor to reduce feed 
back of heat from the motor to the valve. Propellant flow rate was measured by a 
rotating-vane-type flowmeter and was controlled by varying the nitrogen pressure 
in the feed tank. 
strip charts. 
flex-plate-supported platform, and pressures, by pressure transducers. 

For steady-state operation the can was not used. A 2&- inch 

Temperatures were measured by thermocouples and recorded on 
Thrust was measured by strain-gage-type load cells mounted on a 
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Propellant flow rate, thrust, and pressures were recorded by means of an 
oscillograph. 

Environmental Control Chamber 

An insulated aluminum enclosure cooled by a refrigeration unit comprised 
the environmental control chamber for low-temperature tests as shown in figure 6. 
The complete test apparatus including the hydrogen peroxide tank was housed within 
the chamber. The thrust balance was not used for low-temperature tests; other- 
wise, the apparatus was the same as that for ambient-temperature tests. 

PROCEDURE 

Typical oscillograph records are shown in figure 7. Three samples of 
oscillograph records are presented to illustrate the methods used to measure 
starting response and tail-off times. For the reaction-control rocket, as shown 
in figure 7(c), starting delay time was measured from the point at which the elec- 
trical signal to the valve was initiated, to the point at which the chamber pres- 
sure first reached the stabilized value. The latter point was defined as the 
intersection of a line tangent to the stabilized part of the curve and the first 
crossing by the chamber pressure trace. For the other catalyst beds, the terminal 
point of the starting delay time was defined as the intersection of the two lines 
as indicated in figure 7(a). Valve opening time was about 0.01 second. 

Tail-off thrust which was used as a measure of tail-off delay time was 
derived from the area under the tail-off part of the chamber pressure trace as 
shown in figure 7(b). 
both include the valve delay time since they were measured from the point that 
marked the initiation of the electrical signal to the valve. 
was about 0.01 second. 

It may be noted that starting delay time and tail-off time 

Valve closing time 

The traces for thrust F and propellant flow rate c, as shown in fig- 
ure 7(b), were not steady enough to provide coherent data for the cycling tests. 
The rising trend in the flow-rate trace was caused by lag due to instrumentation 
inertia. Thrust and flow rate were evaluated only for the steady-state tests, a 
sample of which is shown in figure 7(e). 
pressure is believed to be associated with the change in state of the propellant 
fluid passing through the catalyst. 

The lag in void pressure behind chamber 

Because of its possible influence on the data presented in this paper, it 
should be noted that the H202 line to the motor was not blown out before the low 
environmental temperature tests. This practice is sometimes followed to eliminate 
the possibility of ice being in the line. 
lowed for beds 1 to 7 is presented in table 11. As explained later, the reaction- 
control rocket received a warming pulse 10 minutes before data were taken. 

An outline of the test program fol- 

8 

7 



RESULTS AND DISCUSSION 

Catalysts For 90-Percent-Concentration Hydrogen Peroxide 

Catalyst bed 1; decomposition chamber A.- Typical oscillograph records illus- 
trating the starting delay and chamber pressure decay times for catalyst bed 1 
are presented in figure 8. 
perature is shown in part (a) where it can be seen that no thrust was obtained 
during the first three cycles (that is, no decomposition took place and liquid 
H202 was observed coming out of the nozzle). Only partial chamber pressure was 
obtained during the fourth cycle, and complete chamber pressure buildup finally 
occurred on the fifth cycle. Figure 8(b) shows the response characteristics of 
catalyst bed 1 during the final 35O F environmental temperature run after about 
7.3 minutes time on the bed. The unit fired on the second pulse with almost com- 
plete chamber pressure buildup. 
perature of TO0 F are shown in figure 8(c). 

The initial start attempt at 35' F environmental tem- 

The response characteristics at an ambient tem- 

The starting delay times for catalyst bed 1 are summarized in figure 9 for 
several environmental temperatures. 
a start measured from the fourth valve pulse, the starting response time was 
0.240 second and decreased to about 0.057 second after many cycles. 
35O F test data showed improved start times which stabilized at 0.040 second. 
About the same start delay times of 0.040 second were obtained on the later cycles 
during the final runs at all environmental temperatures. This improvement is due 
to the heating of the catalyst and decomposition chamber even though cold pro- 
pellant is being used. 

At the initial 35O F low-temperature run with 

The final 

The decay time for bed 1 is shown in figure 10 as a percent of maximum cham- 
ber pressure with time after the valve closing signal. 
off lasts about one-third of a second and the long decay time was probably due to 
the relatively large void and downstream chamber volumes of the decomposition 
chamber. 

The chamber pressure tail- 

Hydrogen peroxide catalyst beds are known to have a limited life which is 
dependent upon a number of factors which are discussed in reference 6. 
tions of deterioration of the catalyst generally are an increise in press'ire drep 
across the bed and decreases in exhaust temperature. The resulting incomplete 
decomposition will also show up as a decrease in thrust efficiency. 

Indica- 

The performance of catalyst bed 1 is presented in figures 11 and 12. The 
variation of measured and ideal thrust with chamber pressure is given in fig- 
ure 11. 
with time can be detected for this catalyst bed. 
ure 12 also indicate no decrease with time. The thrust efficiency of about 
91 percent appears somewhat low (see ref. 16) but is based on idealized weight 
flow rather than on measured weight flow for the isentropic thrust 
conditions of operation were such that the jet was always underexpanded. Only a 
slight increase in pressure drop across the bed is apparent with accumulated oper- 
ation time. 
condition of the catalyst screens after 8 minutes of testing time is shown on the 

As would be expected for such a short operating time, no loss in thrust 
The thrust ratios shown in fig- 

Fi and the 

The pressure drop for this bed was the highest of the series. The 
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photographs of figure 13. Very little erosion of the silver has occurred; this 
result is consistent with the bed pressure drop measurements. 

Catalyst bed 2; decomposition chamber A . -  Sample oscillograph records for 
catalyst bed 2 are presented in figure 14 and starting delay times in figure 15. 
The cold start response of bed 2 was superior to that of bed 1 in the initial 
tests; however, in the final tests the response of both beds was approximately 
the same because of the marked improvement of bed 1 with increase in operating 
time. 
the pulsing can at the start of the test. In the starting-delay-time figures, 
throughout this paper, when the lengths of these incomplete initial pulses were 
considerably shorter than normal, they were weighted as one-half cycle. 

The short initial pulse in figure 14(b) was caused by the failure to "zero" 

As an indication of tail-off response characteristics for bed 2, tail-off 
thrust over a range of operating conditions is presented in figure 16. These 
curves are presented for bed 2 only, since they are considered typical for all 
beds tested. 
characteristics appears to be small. 

The influence of temperature and operating time on tail-off response 

The performance of catalyst bed 2 is shown in figures 17 and 18. 
sure drop and thrust ratio did not change appreciably during 8 minutes of 
operating time. An insight into the effect of bed design on pressure drop across 
a catalyst bed may be obtained by comparison of figures 12 and 18 which indicate 
pressure drop across beds 1 and 2, respectively. These figures show the pressure 
drop for bed 1 to be some three times as great as that for bed 2. Photographs of 
bed 2 (fig. 19) after 9 minutes operating time indicate that bed 2 was in good 
condition. 

Bed pres- 

Catalyst bed 3;  decomposition chamber A.- Bed 3 was similar to bed 2 except 
that half the silver screens were flattened, and that a 2-percent solution of 
samarium nitrate was used to treat the silver screen instead of a 10-percent solu- 
tion. Representative oscillograph records are shown in figure 20 
and starting response characteristics, in figure 21. 
to start than bed 2, especially at the lower environmental temperatures. 

1 the start times became longer with use as indicated by the fact that 2- cycles 2 
were required to start the bed initially whereas 8 cycles were required after 
about 8 minutes operation time. However, at all other test temperatures the 
starting response improved with increased operating time and the maximum attained 
was about 0.04 second starting delay times. 
shown in figure 22, was almost identical to that of bed 2. Bed pressure drop and 
thrust ratio indicated no deterioration with operating time as shown in figure 23. 
Photographs of bed 3 in figure 24 also indicated no deterioration in the bed 
structure. 

(See table I.) 
Bed 3 required more cycles 

At 35O F 

The thrust performance of bed 3, as 

Reaction-control-rocket catalyst bed; decomposition chamber B.- Typical 
oscillograph records for the reaction-control rocket are presented in figure 25 
and starting response characteristics, in figure 26. 
starting and more rapid response on all cycles for the reaction-control rocket 
configuration than for any other bed of this investigation. 
these data, it should be noted that warming pulses were made prior to all starts 

Both figures indicate better 

However, in comparing 
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for the reaction-control rocket according to standard practice for this type of 
rocket. The procedure for these reaction-control rocket tests was to bring the 
apparatus to the required temperature in the environmental control chamber, pulse 
the rocket twice, wait for 10 minutes, and then start the test. No warming pulses 
were made for the other beds before the start of the tests. 

Another factor to be considered in comparing these data is the effect of 
the motor configuration and the design of the test apparatus on the response char- 
acteristics. 
response times are: 
metal enclosing the void space; the size of the thrust chamber and nozzle; and the 
location of the fire valve. The rapid buildup and decay in pressures exhibited 
by this bed and motor, as indicated by the steep slopes of the traces, was prob- 
ably due to motor design as well as to bed characteristics. 
sure data were not obtained for this configuration. 

Some aspects of motor and apparatus design which may influence 
the size of the void space and the elastic properties of the 

Thrust and void pres- 

98-Percent-concentration Hydrogen Peroxide Catalyst Beds 

Catalyst bed 4; decomposition chamber A. - As indicated previously, catalyst 
bed 4 could not be started in its original configuration, which included only 
20 silver screens. It now seems probable that the original configuration may have 
been started, if a rigorous break-in technique, subsequently developed, had been 
used on bed 4; however, the number of silver screens was increased to 35 and the 
data presented in this paper were obtained with this second configuration. 

Soon after the start of the test program, a white deposit was observed on the 
thermocouple located in the jet exhaust, and a similar deposit on the inner sur- 
face of the nozzle. This condition suggested that the silver catalyst was melting 
and being carried downstream in the products of decomposition. After 2.13 minutes 
of operating time on the bed, it was disassembled and inspected. The inspection 
revealed considerable melting of the silver screens and deposits of silver on the 
downstream nickel screens, retaining plate, and inner surfaces of the motor and 
nozzle. Using the same components, the bed was repacked in the motor and the test 
program was continued to completion. 

Sample oscillograph records for bed 4 are shown in figure 27. The large 
differences in height of the traces between those of figure 27(a) and those of 
figures 27(b) and 27(c) are not significant, but were due to differences in atten- 
uation settings on the oscillograph. Starting delay times as presented in fig- 
ure 28, together with figure 27, indicate that the response characteristics Of 
bed 4 with 98-percent H202 were of the same general type as those of the beds 
using 90-percent H202. 
order of 0.04 second. 

The final delay time for all temperatures was on the 

A marked change in bed pressure drop and thrust performance may be observed 
between the data obtained before and after the inspection shutdown in figures 29 
and 30. Values of Ap/p, averaged about 0.22 before and about 0.16 after the 
shutdown. Likewise, F/Fi values changed from about 0.93 to about 0.87. Two 
curves were used in figure 29, one for data before and one for data after 
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shutdown. The reason for these changes is not known. They did not occur in the 
other beds which were disassembled and inspected during their test programs. 
ditions of the bed and motor at the end of the tests are shown in figures 31, 32, 
and 33. 

Con- 

Catalyst bed 5; decomposition chamber A.- Representative oscillograph records 
for catalyst bed 5 are presented in figure 34 and starting delay characteristics 
in figure 35. Bed 5 indicated perhaps the best overall response characteristics 
of the series of beds designed for 98-percent hydrogen peroxide, especially at low 
environmental temperatures. Catalytic action was initiated in this bed by twenty- 
five 40-mesh silver screens as shown in table I. Each 40-mesh screen afforded 
about 20 percent more surface area for catalytic action than a 20-mesh screen for 
the wire sizes used in this investigation. 
of bed 5 occupied about half as much bed length as the thirty-five 20-mesh silver 
screens of bed 4, but still provided about 85 percent as much surface area. 

The twenty-five 40-mesh silver screens 

The reason for the better starting characteristics of bed 5, although it e m -  
tained about 15-percent less catalyst surface area than bed 4, is not known; how- 
ever, there may be some connection between the excessive erosion of the silver 
screens of bed 4 and its poorer starting performance. 
from the screens was deposited downstream on the chamber walls and nickel screens 
and thereby increased the surface area of silver, but this increase was apparently 
not sufficient to compensate for the decrease in the samarium oxide coating. 

Part of the silver eroded 

The thrust performance and pressure drop of bed 5 are presented in figures 36 
The fineness of the silver screen probably produced the rather high pres- 

No significant change in pressure drop 
and 37. 
sure drop ratio which averaged about 0.28. 
is indicated with bed operation time. The efficiency F/Fi started unusually 
high at about 0.95 but decreased to about 0.90 in 5.75 minutes operating time. 
It is not certain whether this was due to bed deterioration or to insufficient 
data points. The bed structure showed some melting, although considerably less 
than that for bed 4, as shown in photograph of figure 38; however, other than 
this melting, there was no indication of bed deterioration. “he photograph of 
decomposition chamber A (fig. 39) shows the silver deposit on the inner surface 
of the nozzle at the end of the tests of bed 5. 

Catalyst bed 6; decomposition chamber C.- kring the test program it became 
increasingly difficult to prevent leaks in decomposition chamber A because of 
warpage in the flanges. 
fitting method for sealing against leakage of the propellant. 
to be satisfactory and was used for beds 6 and 7. 

Therefore, motor B was designed (fig. 3) with the flare- 
This motor proved 

As shown in figure 4, bed 6 contained three 40-mesh silver screens followed 

It was perhaps because of this 
by fifteen 20-mesh silver screens; these screens afforded considerably less cata- 
lytic surface area than that for bed 5 or bed 4. 
s m a l l  catalytic surface area that the break-in period for bed 6 was long and dif- 
ficult and the exhaust temperatures were lower than those for previous beds at 
this stage of the tests. Bed 6, however, improved continuously throughout the 
test program but the exhaust temperatures never reached theoretical decomposition 
temperatures. 

11 



Sample oscillograph records and starting delay response times are presented 
in figures 40 and 41. 
for beds 6 and 7 to accommodate the larger number of cycles recorded at the start 
of the tests. The effect of changing from motor A to motor B on catalyst respons 
data was not evaluated but it is believed to have been small. Response character 
istics for bed 6 were not consistent at an environmental temperature of 35' but a 
the higher temperatures were almost as favorable as those for bed 5. 

The abscissa scale for response time figures was changed 

Thrust performance and pressure drop for bed 6 is shown in figures 42 and 43 

The low thrust efficiency is prob- 
Bed pressure drop was about equal to that of bed 5 ,  but thrust efficiency was 
unusually low, averaging slightly below 0.90. 
ably related to the inability of the bed to decompose completely the hydrogen 
peroxide as indicated by the relatively low exhaust temperatures. 

As indicated in figures 44 and 45, the melting of the silver catalyst was 
less than that for previous beds, as would be expected from a consideration of th 
smaller number of silver screens used. 

CatalyEt bed 7; decomposition chamber C.- Bed 7 contained the smallest numbe 
of silver screens of any bed of this series, namely, fourteen 20-mesh screens. 
However, the downstream nickel screens were coated with catalytic substances, 
which apparently augmented the catalytic action of the bed. 
in that complete decomposition of hydrogen peroxide occurred at the first pulse 
of the break-in run. However, as shown in subsequent data, the initial good 
starting characteristics did not continue throughout the test program. 

This bed was unique 

Typical oscillograph records for bed 7 are presented in figure 46 and 
starting delay characteristics in figure 47. 
greater than 0.04 second throughout the tests, even at ambient environmental 
temperatures, which indicated that bed 7 had the poorest starting characteristics 
of any bed tested in this program. In addition, starting times were erratic, as 
shown in figure 47, by the sudden breaks or shifts in the curves. 

Starting delay response times were 

Since the previously tested beds having silver screens as the only catalyst 
did not show any degradation of performance for the short test period, it appears 
probable that the early decrease in catalytic activity of bed 7 was due to change 
ir, t h e  coated nickel part of the bed only. Thrust perfomarice of bed 7 was good, 
as shown in figures 48 and 49, and the thrust efficiency averaged 0.92. 
efficiency is presented for only part of the test, the data fGr the first part of 
the test having been lost because of faulty instrumentation. 
was the highest of the 98-percent series, averaging about 0.39 for values of 

Thrust 

Bed pressure drop 

AP/Pv. 

As indicated in figures 50 and 51, some melting of silver occurred although 
the number of silver screens was only 14. 
warranted in view of the excellent initial starting characteristics. 

A further study of this bed may be 

The results of steady-state test points for all the beds are summarized in 
table 111. Run times listed in the table are the accumulated operating times on 
the catalyst pack before the start of the test point. 

12 



Figure 52 presents a comparison of the starting characteristics of the best 
90-percent H202 bed configuration (bed 2) with the best for 98-percent H202 
(bed 5). Circles represent starting delay times at the beginning of a run and the 
squares, those after the temperatures have become stabilized. These data indicate 
that bed 5 was more adversely affected by low start temperatures but was slightly 
superior to bed 2 after temperatures had become stabilized. This result illus- 
trates the fact that satisfactory catalyst beds for 98-percent H 0 may be con- 
structed of conventional materials presently used for 90-percent H 0 

2 2  
beds. 2 2  

CONCLUDING REMARKS 

An investigation has been made of the effects of catalyst bed design and 
environmental temperatures on reaction-control-type rocket-motor performance and 
response characteristics using 90- and 98-percent concentrations of hydrogen per- 
oxide. The results of the investigation indicate that a satisfactory catalyst 
bed may be developed for 98-percent-concentration hydrogen peroxide comparable 
in response characteristics with conventional 90-percent catalyst beds, but 
exploiting the inherently greater specific impulse available from 98-percent- 
concentration hydrogen peroxide. 

Although the melting point of silver is in the same temperature range as the 
decomposition temperature of 98-percent hydrogen peroxide, the excellent low- 
temperature catalytic power of silver may be utilized to initiate the decomposi- 
tion process by locating the silver screens at the upstream end of the bed. The 
remainder of the decomposition was completed by heat in conjunction with inert 
metal screens. It was indicated that 25 silver screens may be used without exces- 
sive melting of the silver and yet provide satisfactory starting characteristics 
at low environmental temperatures. In providing good response characteristics 
40-mesh silver screens appear to be superior to 20-mesh screens. The use of 
2-percent concentration samarium nitrate in treating silver screens may be prefer- 
able in some cases to the use of 10-percent concentration, in that the former pro- 
vides adequate catalytic action without unduly increasing pressure drop across the 
bed. Post-test inspections of the beds indicate that bed life was of sufficient 
duration for the types of missions required of reaction-control rockets. Of the 
four catalyst beds designed for use with 98-percent H 0 
formance was exhibited by bed 5. 

the best overall per- 2 2’ 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 27, 1963. 
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TABLE I.- CATALYST BED ASSEXBLY CRARACTERISTICS 

Length, 
in .  Bed 

Number of s c reens  Packing 
Motor pressure, 

Active Total p s i  
Screen arrangement 

90-percent E202 decomposition 

1 1.9 1 dis t r ibu t ion  p l a t e  
1 antichannel ba f f l e  
1 piece 20 mesh, 0.014 s t a in l e s s - s t ee l  screen and 
5 pieces 20 mesh, 0.014 s i l v e r  screen, 2% Sm(NO3)j 
2 se t s ,  1 s t a i n l e s s  and 5 s i lve r ,  a s  above 
1 antichannel baffle 

15 se t s ,  1 s ta in l e s s  and 5 s i lve r ,  a s  above 
8 pieces 20 mesh, 0.014 s t a in l e s s - s t ee l  screen 
1 suunort o l a t e  

90 116 1,000 

2 1.9 2 pieces 20 mesh, 0.014 s t a in l e s s - s t ee l  screen 
1 antichannel ba f f l e  

20 pieces 20 mesh, 0.014 s i l v e r  screen, lok Sm(N03)~ 
1 antichannel ba f f l e  

40 pieces 20 mesh, 0.014 s i l v e r  screen 
2 pieces 24 mesh, 0.014 manel screen 
13 pieces 10 mesh, 0.025 monel screen 

60 77 2,200 

3 1.9 2 pieces 20 mesh, 0.014 s t a in l e s s - s t ee l  screen 
1 antichannel baPfle 

20 pieces  20 mesh, 0.014 s i l v e r  screen, 2% S U ( N O ~ ) ~  
(Flattened and regular  screens al ternated)  

1 antichannel ba f f l e  

3)  3 40 pieces 20 mesh, 0.014 s i l v e r  screen, 2% Sm(N0 

(Flattened and regular  screens a l t e rna ted )  
2 pieces 24 mesh, 0.014 monel screen 

17 pieces 10 mesh, 0.025 m n e l  screen 

60 81 2,200 

1.22 1 sc ro l l ,  7/16 in .  wide, 20 mesh, 0.014 nickel  Screen 
plated with a gold and s i l v e r  a l l a y  

25 pieces 20 mesh, 0.014 s i l v e r  screen, @ &I(NO~)~ 

25 pieces 20 mesh, 0.014 s i l v e r  screen, 2% S U ( N O ~ ) ~  

25 pieces  20 mesh, 0.014 s i l v e r  screen, 2% Sm(NOj), 

1 antichannel ba f f l e  

1 antlchannel ba f f l e  

5 pieces 10 mesh, 0.025 monel screen 

75 plus s c r o l l  80 500 Reaction-contml 
rocket 

98-percent B202 decompositio? 

1.50 35 4.000 2 pieces 20 mesh, 0.014 s t a in l e s s - s t ee l  screen 
1 antichannel ba f f l e  

1 antichannel ba f f l e  
J5 pieces 20 mesh, 0.014 s i l v e r  screen, 2% Sm(N0j)j 

55 pieces 20 mesh, 0.015 nickel  screen 

2 pieces 20 mesh, 0.014 s t a in l e s s - s t ee l  screen 
1 antichannel ba f f l e  

1 antichannel ba f f l e  
25 pieces 40 mesh, 0.010 s i l v e r  screen, 2% Sm(N03)~ 

60 'pieces 20 mesh, 0.015 nickel  screen 

1.50 25 4, 5 

5,100 1 piece, 1 4  x 88 mesh, dutch weave s t a in l e s s - s t ee l  screen 
1 antichannel baff lg  
1 piece 20 mesh, 0.014 s t a in l e s s - s t ee l  screen 
3 pieces 40 mesh, 0.010 s i l v e r  screen, @ Sm(NO3)j 
15 pieces 20 mesh, 0.014 s i l v e r  screen, IC$ Sm(N03) 3 
1 piece 20 mesh, 0.015 nickel  screen 
1 arrt;:haZzc: b S f k  

65 pieces  20 mesh, 0.015 nickel  screen 

1 antichannel ba f f l e  
14 pieces 20 mesh, 0.014 s i l v e r  screen, Sm(NO3)3 
1 antichannel ba f f l e  
1 piece 20 mesh, 0.015 nickel  screen with cobalt p l a t e  
1 piece 20 mesh, 0.013 nickel  screen with proprietary treatment 

26 s e t s  of two coated nickel  screens as above 

1.50 

1. so 5, loo 

16 



TABLE 11.- TEST PROGRAM FOR CATALYST BED CONFIGURATIONS 

Etandard feed pressures  f o r  gapercent  ca ta lys t s :  475 p s i  
f o r  beds 1 and 2, 300 p s i  f o r  bed 3 .  
pressure f o r  98-percent ca ta lys t :  

Standard chamber 
200 p s i 4  

Pf, P s i  Pc, P s i  T, OF Duration, see Remarks 

Break-in runs 
I I I 

Ambient 
Ambient 
Ambient 

200 t o  250 
350 

475 t o  500 

5 t o  25 
5 t o  25 
5 t o  25 

Standard 
Standard 
Standard 
Standard 

Standard 
Standard 
Standard 
Standard 

35 15 Cycle run1 
45 15 Cycle run1 
60 15 Cycle run1 
35 15 Steady run2 

~~ 

Standard 
200 t o  525 i n  50-psi s teps  

Standard 
Standard 
Standard 

3400 

3525 
3475 

Standard 
Standard 
Standard 
Standard 
Standard 

475 

35 
35 
45 
60 

I 

5 Cycle run1 
15 Cycle run' 
15 Cycle run1 
15 Cycle run' 

e r a t e  at f ixed feed 
pressure and run u n t i l  
j e t  i s  dry 

Standard Standard Ambient 90 t o  180 Continuous cycle2 

Am1 

Standard 

Standard 
Standard 
Standard 

150 
200 

250 
Standard 
Standard 
Standard 
Standard 
Standard 
Standard 

Standard 
Standard 
Standard 
Standard 

:nt -tempe 

Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 
Ambient 

t ture runs 

5 
10 each s t e p  

5 
30 
5 

30 
30 
30 
5 

30 
1-5 
15 
15 
30 

m s e  start1 
Chamber pressure ca l ibra t ion  
m s e  start1 
Efficiency run 
Pulse start' (hardware hot)  
Efficiency run 
Efficiency run 
Efficiency run 
Pulse s ta r t '  
Pulse s t a r t 2  
Cycle run a t  l / sec  
Cycle run at  2/sec 
Cycle run4 a t  5/sec o r  lO/sec 
Efficiency run4 

Final  cold start runs 

Standard 
Standard 
Standard 
Standard 

'Standard 2 cycles/sec run f o r  pulse starts - valve open 250 milliseconds, valve closed 

2For 98-percent c a t a l y s t s  only. 

h o t e d  pf s e t  when p, 

250 mill iseconds.  

ca l ibra t ion  not avai lable  a t  time of run. 

4~~~ 90-percent c a t a l y s t s  only. 



RUn 
E202 

temperature, 
OF 

17-1 
17-2 
20- 2 
20- 3 
20- 4 
20-5 
20-6 
20- 7 
20-8 
21-2 
21-4 
22- 3 
22-5 
22-6 
23-8 
23-10 

Feed 
pressure, 

ps i  

31- 3 
31-5 
31-7 
31-9 
31- 11 
31-13 
31- 15 
32- 3 
32- 4 
32-9 
32-10 
y- 15 
32-16 
32- 18 
32-19 
32-26 
32- 27 
33-2 
33-4 
36-2 
36- 3 

Flow 
rate, 

lb/sec 

TABLE 111.- STEADY-STATE TESTS OF CATALYST COI"IGURATI0NS 

Measured 

lb 
thrust ,  F/Fi 

151.6 
319.5 
141.6 
163.6 
185.2 
208.2 
225.1 
244.3 
264.2 
203.5 
199.6 
243.2 
180.4 
248.1 
256.7 
216.9 

74 
74 
66 
66 
66 
66 
66 
66 
66 
72 
72 
64 
64 
66 
68 
68 

0.093 

.088 

. lo3 

.137 

.I64 

.178 

.119 

.151 

.127 
,145 
.io8 
.145 
.141 
,131 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
82 
82 
82 
82 
75 
75 
77 
77 
86 
86 

1.927 
.877 
.a78 

.920 

.921 

.866 

.goo 

.889 

.897 

.916 

-909 
.go4 

.932 

.914 

.927 

.897 

265 
65 3 
250 
300 
350 
400 
440 
475 
525 
475 
475 
475 
475 
525 
475 
475 

0.55 
.60 

1.80 

2.30 
2.47 

3.00 
3.50 
3.67 

6.50 
6.83 

1-97 
2.13 

2.63 
2.80 

4.00 
4.08 

250 
300 
350 
400 
440 
475 
528 
475 
475 
475 
475 
440 
440 
525 
525 
475 
475 

485 
485 

Void 
pres sure, 

p s i  

1 

Catalyst bed 1 

260.8 
603.8 

279-4 
316.9 
357.1 
389.3 
423.5 
458.3 
398.7 
339.1 
402.0 
301.5 
408.1 
414.8 
365.2 

243.2 

log. 2 
284.3 
101.6 
115.8 

148.9 
131.7 

164.2 
179.2 
194.1 
195 * 2 
139.5 
158.8 
121.1 
160.0 
158.1 
148.3 

Catalyst bed 2 

208.5 
235.3 
258.7 
289.6 
308.3 
308.4 
331.8 
320.4 
313.0 
317.0 
309.0 
292.2 
274.1 
302.2 
270.7 
298.3 
272.1 
340.6 
338.5 
355.2 
357.2 

164.9 
187.7 
208.9 
233.3 
250.4 
251.4 
271. o 
262.1 
256.1 
261.8 

228.2 

223.1 
244.7 
223.5 
283.1 
282.4 
288.4 
286.5 

254.8 
242.1 

251- 3 

43.6 
47.6 
49.8 
56.3 
57.9 
57.0 
60.8 
58.3 
56.9 
55.2 
54.2 
50.1 
45.9 
50.9 
47.6 
53.6 
48.6 
57.5 
56.1 
66.8 
70.7 

18 

1.155 
.181 
.204 
.233 
.250 
.250 
.278 
.e60 
* 257 
.264 
.261 
.239 
.225 
253 

.222 

.248 
,231 
309 

.310 

.302 

.310 

10.97 
31.18 
9.56 

11-57 
13.42 
15.75 
17.65 
19.77 
21.24 
20.25 
14.29 
16.40 
12.44 
16.68 
16.46 
15.59 

16.84 
19.77 
22.33 
25.58 
27.59 
27.81 
30- 75 
27.32 
26.94 
27.97 
27.76 
26.89 
25.53 
28.46 
25.91 
27.92 
25.75 
31.18 
31.34 
32.37 
32.75 

~ 

Duration, 
min 

1 

1.875 
.884 
.885 
* 893 
.889 - 893 
.907 
.837 
.848 
.858 
.080 
.*g02 
.916 
* 913 - 952 
.925 
* 943 
* 875 
.882 
,891 . go8 

1.10 

1.43 
1.27 

1.60 
1.77 
1-93 
2.10 
2.51 
2.52 
2.68 
3.53 
4 . 9  
4.55 
5.12 
5.29 
6.04 
6.21 
6.50 
6.58 
8.07 
8.23 



TABLE 111.- STEADY-STATE TESTS OF CATALYST CONFIGURATIONS - Continued 

Run 
H202 

temperature, 
OF 

37-2 
37- 3 
39-2 
39- 4 
39- 6 
39- 9 
39- 11 
39-13 
39- 16 
39-17 
39- 18 
40- 3 

40- 5 
40- 4 

41- 3 
41- 19 

Bed 
AP, 
psi 

~ ~~ 

44- 1 
44-2 
44- 3 
44- 4 
44-5 
48-2 
48- 3 
48- 4 
48-5 
48-6 
48- 7 
48-10 
49- 6 
49- 10 
49-14 
51-5 

Flow Measured 
rate, thrust ,  

lb/sec lb 

83 
a3 
74 
74 
74 
74 
74 
74 
71 
71 
71  
72 
72 
72 
72 
73 

31.07 

17.11 
21.29 
24.34 
26.62 
31.07 
33.95 
20.70 
20.59 
20.97 
20.59 
20.81 
20.81 
22.92 
21.08 

24.50 

73 
79 
80 
80 
80 
77 
77 
77 
77 
77 
77 
77 
78 
78 
78 
35 

0.880 

.853 

.894 

.897 

.878 

.887 
,894 
.a89 
.891 
-907 
.886 
.893 
,895 
.924 
.893 

.891 

Feed 
pres sure, 

p s i  

475 
350 
250 
300 
350 
400 
475 
5 30 
295 
295 
295 
295 
295 
295 
325 
295 

200 
350 
500 
400 
400 
450 
400 
350 
300 
250 
200 
400 
305 
210 
400 
305 

Void Chamber 

Catalyst bed 3 

344.4 
280.8 
213.1 

276.8 
298.9 
342.5 
366.6 
248.0 
242.6 
244.0 
242.6 
242.6 

267.5 
236. o 

248.0 

242.6 

280.7 
225.0 
170.9 
198.4 
222.5 
245.3 
278.9 
299.5 
194.6 
3-93.4 
193.4 
194.3 

194.3 
205.8 
196.9 

194.6 

63.7 
55- 8 

54.3 
53.6 
63.6 
67.1 
53.4 
49.2 
50.6 
48.3 
48.0 
48.3 
61.7 
39.1 

42.2 
49.6 

183.1 
297.0 
398.9 
337.9 
333.2 
356.6 
322.4 
277.7 
249.2 
217.9 
178.6 
318.9 
257.4 
176.4 
325.5 
254.9 

146.0 
225.5 
306.2 
256.2 
260. o 
303- 7 
269.6 
236.7 
207.9 
177.7 
146.9 
264.2 
215.1 
150.1 
270.1 
217 

i 
F/Fi Duration, 1 min 

Catalyst bed 4 

20 

0.298 
.226 
.166 
* 195 
.223 
* 257 
.296 
* 333 
.190 
,191 - 195 - 195 
.198 
.200 
.219 
.192 

37.1 
71- 5 
92.7 
81.7 
75.2 
52.9 
52.8 
41.0 
41.3 
40.2 

54.7 
42.3 

31.7 

26.3 
55.4 
37.0 

0.116 
193 

.261 
,220 
.223 
,247 
.224 
.196 
.172 

.117 

.218 

.171 

.117 

.147 

.210 

15.21 
26-50 
36.47 
30.20 
30- 37 
33.25 
29.67 
25.56 
22.21 
18.97 
15.27 
29.03 
22.55 
14.57 
28.22 

’* 909 
9 958 
934 

* 945 
* 934 - 859 
-877 
* 875 
.a81 
.902 
* 905 
.877 
.860 

.831 

.841 

0.10 
.18 

1.18 
1.35 
1.52 
1.67 
1.83 
2.00 
2.35 
2.52 
2.68 
3.10 
3-27 
3.43 
3.93 
5.68 

0.63 
-75 

-99 
1.23 
2.69 
2.81 
2.93 
3.05 
3.17 
3.29 
3.62 
4.20 
4.70 
5.20 
6.82 

. a7 



TABLE 111.- STEADY-STATE TESTS OF CATALYST CONFIGURATIONS - Continued 

Feed 
pressure, 

ps i  

54- 1 
54-2 
54- 3 
57-1 
58- 3 
58-5 
58-7 
58-9 
58-12 

58-16 
58- 18 
58-22 
59-5 
59-9 

58-14 

Void 
pres sure, 

psi  

82 
82 
82 
38 
72 
72 
72 
72 
78 
78 
78 
81 
81 
74 
71 

Flow 
rate,  

lb/sec 

Measured 

lb 
thrust ,  F/Fi 

62.4 
85.8 
95.7 
81.1 
56.0 
67.6 
73.6 
79.7 
81.1 
89.0 

100.5 
73.9 
78.6 
74.6 

104.8 

200 
250 
500 
335 
200 
250 
300 
350 
335 
400 
450 
335 
335 
270 
450 

0.174 

.135 

.loo 
,161 
.185 
.181 
.212 
.236 
.178 
.174 

315 
200 
200 
250 
300 
350 
400 
315 
450 
315 
315 
315 
315 
315 
315 
230 
230 
230 
400 
400 
400 

13.82 
18.91 
22.21 
25.85 

32.56 
24.46 
23.83 
18.39 

24.69 
28.51 

31-00 

psi  psi  

0.33 
.47 
* 55 

1.47 
0.942 2.18 

.960 2.35 

.935 2.52 

.926 2.68 

.935 3.20 
,894 3.37 
.923 3.53 
.911 3.62 
.913 4.15 
.894 5.23 
-903 5.73 

Catalyst bed 5 

193.8 
297.3 
384.8 
292.2 
186.4 
235.3 
270.8 
307- 0 
297.6 
344.5 
380.0 
293.6 
292.9 
248.6 
377.3 

131.4 
211.5 
289.1 
211.1 
130.4 
167.7 
197.2 
227.3 
216.5 
255.5 
279.5 
219.7 
214.3 
174.0 
272.5 

Catalyst bed 6 

65-2 
65- 3 
65-4 
65-5 
65-6 
65-7 
65-8 
65-10 
65- 11 
65-12 
65- 13 
65-14 

62 
62 
62 
62 
62 
62 
62 
60 
60 
60 
60 
60 

274.2 
187.7 
189.1 
229.9 
264.5 
297.6 
336.5 
370- 0 
275.5 
276.9 
276.2 
277.5 
271.5 
274.8 
276.2 
213.9 
215.3 
213.9 
337.9 
337.9 
339.9 

195.3 
132.6 
135.8 
163.3 
191.8 
221.3 
247.3 
271.6 
195.6 
199.8 
200.7 
200.4 
196.6 
198.5 
197.9 
147.2 
152.6 
152.6 
241.0 
244.1 
242.9 

I I 

I 

78.9 
55.1 
53.3 
66.6 
73.7 
76.3 
89.2 
98.4 
79.9 
77.1 
75.5 
77.1 
74.9 
76.3 
78.3 
66.7 
62.7 
61.3 
96.9 
93.8 
97. c 

1.170 

.113 

.165 

.191 

.218 - 235 

.168 

.171 

.172 

.172 

.169 

.171 

.172 

.128 

.131 

.132 

.217 
,218 

.112 

.140 

.214 

k r a t  ion, 
min 

20.70 
13.54 
13.82 
16.85 
19.54 
23.64 
27.20 
29.00 
21.10 
21.45 
21.56 
21.70 
20.60 
20.54 
20.75 
14.69 
14.86 
15.67 
25.39 
26.37 
26.66 

). 893 
.916 
.910 
* 893 
.861 
.882 
.897 
.860 
‘ 909 
.g01 
.902 
.910 
.882 
870 

.882 

.880 

.854 

.g01 

.862 

.883 

.898 

2.53 
2.70 
2.78 
2.87 
3-03 
3.20 
3.37 
3.61 
3.77 
3.87 
4.04 
4.21 
4.37 
4.62 
4.87 
5.37 
5.62 
5.79 
5.87 
6.12 
6.37 



Run 
H202 

temperature, 
OF 

80- 1 
00-2 
80- 3 
80- 4 
80-5 
80-6 
80- 7 
80-8 
80-9 
80- 10 
80-11 

Feed Void Chamber Bed 
pressure, pressure, pressure, Ap, 

psi psi psi psi 

TABU 111.- STEADY-STATE TESTS OF CATALYST CONFIGURATIONS - Concluded 

1.925 
.917 
.946 
.915 
.918 
'895 
.go8 
,900 

.958 

.883 

.934 

8.68 
8.85 
9.18 
9.43 
9.68 
9.93 
10.02 
10.29 

10.08 
10.54 

11.05 

85 
85 
05 
85 
85 
85 

82 
82 
82 

82 

82 

0.064 
.065 
.078 

,110 

.129 

.171 

.052 

.007 

.Og4 

.122 

.146 

- 

200 
250 
300 
350 
400 
450 
450 
500 
600 
200 
300 

7.92 
7.92 
9.68 

13.26 

15.65 

20.77 
7.01 
10.82 

11.18 

14.40 

17.80 

144.5 
141.7 
162.9 
186.4 
216.4 
240.0 
248.5 
277.2 
324.1 
129.0 
181.5 

84.2 

97.4 
112.9 
129.9 
142.4 
151.2 
170.0 
197.5 
74.3 
107.9 

84.9 
60.3 
56.0 
65.5 
73.5 
86.5 
97.6 
97.3 
107.2 
126.6 
54.7 
73.6 

Flow Measured Duration, 
rate, thrust, F/Fi min 

lb/secl lb I I 
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Distribution p l a t e  

(b) Photograph of decomposition chamber and t y p i c a l  ca ta lys t .  L-59-5984. I. 

Figure 1.- Concluded. 
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(b) Photograph of reaction-control rocket. 

Figure 2. - Concluded. 
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(b) Test equipment with decomposition chamber C. 

Figure 5.- Concluded. 
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Pressure regulator 

Thermometer 

Thermometer 
Dural box with 
internal insulation 

Jet thermocouple 

(a) Sketch. 

Figure 6.- Envim&& test apparatus. 



(b) Environmental equipment with decomposition chamber C. 

Figure 6. - Concluded. 
L-61-7577 

33 
32 



\\ 

rl 

2 
P z rl 
d 
c, 
d 
V 

d 
c5 

Y 

(u 

2 

k 
P 
iJ 

rl 
d 
iJ 
d 
V 

P 
h 

Y 

33 
3 'i 



34 

d 
d 
+, 

k 

M 
d 
r i  

B 

z 
.. 
M 

P 



, 

f f I  

LLW 
0 0 0  
0 0  d N  

Srsd I'd S R O  
q1 ' J  

I 

ai 

d iil 
k 

35 



t 

.16 OF Time, min 

.12 

.08 

.& 

0 
0 

3 
* 

3 
2 -* 
.Y 

+.’ 

rl 

d 

$ 0  co 

.& 

0 

.04 

A 
0 2 4 6 8 10 N 

Cycles 

I 36 
1 

Figure 9.- Start ing delay t i m e  of catalyst  bed 1 during cycling operation. 
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( a )  Bed assembly. L-62-565 

(b) Bed sections.  L-62-566 

Figure 13.- Catalyst  bed 1 a f t e r  8.08 minutes run time. 
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Figure 15.- Starting delay t i m e  of catalyst bed 2 during cycling operation. 
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Figure 16.- Thrust developed by catalyst bed a after valve-closed signal. 
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(a) Bed assembly. L-62-568 

46 

(b) Bed sections. L62-569 

Figure 19.- Catalyst bed 2 after 8.97 minutes run time. 
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Figure 21.- Start ing delay t i m e  of catalyst bed J during cycling operation. 
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(a) Bed assembly. L62-570 

(b) Bed sections. ~62-567 

Figure 24.- Catalyst bed 3 after 7.01 minutes run time. 
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Figure 26.- Starting delay time of reaction-control rocket. 
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Figure 28.- Starting delay time of catalyst bed 4 during cycling operation. 
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(a) Nickel screen pack. Ir -61-5042 

(b)  Bed sections. 

Figure 51.- Catalyst  ‘bed 4 a f t e r  2.15 minutes r u n  time. 
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(a) Bed assembly. ~61-6002  

(b) Bed sections. G 61-6001 

Figure 32.- Catalyst bed 4 after 10.38 minutes run time. 
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~ 6 1 - 6 0 0 3  
Figure 33.- Interior of decomposition chamber A after 10.58 minutes run time with catalyst bed 4. 
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Figure 35.- Starting delay time of catalyst  bed 5 during cycling operation. 
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(a) Bed assembly. L-61-7045 

(b) Bed sections. I.-61-7043 
Figure 38.- Catalyst bed 5 after 8.31 minutes run time. 



L-61- 7044 
Figure 39.- Interior of decomposition chamber A after 8.31 minutes run time with catalyst bed 5. 
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(a) Bed assembly. L61-7616 

0 
(b) Bed sections. L-61-7617 

Figure 44.- Catalyst bed 6 after 9.64 minutes run time. 
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(a) Bed assembly. L-61-8575 

(b) Bed sections. L-61-8374 

Figure 45.- Catalyst bed 6 after 12.62 minutes run time. 
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Figure 47.- Starting delay t i m e  of catalyst  bed 7 during cycling operation. 
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Figure 48.- Variation i n  thrust  with chamber pressure for catalyst bed 7. 
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~ 6 2 - 5 0 0 6  (b) Bed sections. 

Figure 50.- Catalyst bed 7 after 8.18 minutes m time. 

1 8  

77 



78 

(a) Bed assembly. L-62-5925 

(b) Bed sections. 

Figure 51.- Catalyst bed 7 after 16 minutes run time. 
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